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by  Charles  R.  Morris  and  Charles  H.  Pergusorr 
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Take  the  computer  configuratioa  in  a  typical 
Wall  Street  trading  or  brokerage  operation.  Pow- 
erful workstations  with  50  MIPS  (millions  of  m- 
structions  per  second) -comparable  to  tlie  power 
of  standard  mainframes -sit  on  every  desk.  The 
workstations  are  connected  in  a  network  so  they 
can  communicate  with  each  other  or  with  several 


Proprietary  architectures 
are  not  only  possible 
but  also  indispensable 
to  competitive  success. 


others  at  a  time.  Teams  of  workstations  can  be  har- 
nessed together  to  crunch  away  on  a  truly  big  prob- 
lem. Powerful  computers  called  servers  support  the 
network  and  manage  the  huge  databases -bond 
pricing  histories,  for  instance -from  which  the 
workstations  draw.  • 

Such  a  modern  network  will  be  almost  entirely 
open,  or  externally  accessible  by  other  vendors, 
critical  elements,  from  perhaps  as  many  as  a  hun- 
dred vendors,  plug  interchangeably  into  the  net- 
work. The  workstations  themselves  are  from  com- 
panies like  Sun  Microsystems,  Hewlett-Packard, 
and  IBM,  or  they  may  be  powerful  personal  comput- 
ers from  Apple  or  any  of  a  number  of  IBM-compati-. 
ble  PC  manufacturers.  IBM  and  Hewlett-Packard 
make  their  own  workstation  microprocessors, 
most  workstation  or  personal  computer  makers 
buy  microprocessors  from  companies  like  Intel, 
Motorola,  Texas  Instruments,  LSI  Logic,  AMD,  and 
Cyrix.  Almost  all  the  display  screens  are  made  in 
Japan  by  Sony,  NEC,  and  many  other  companies, 
the  disk  drives  come  from  American  companies 
Uke  Seagate  or  Conner  Peripherals.  The  memory 
chips  are  made  in  Japan  or  Korea.  The  network 
printers  will  typically  have  laser  printing  engines 
from  Japan  or,  if  they  are  high-performance  print- 
ers, from  Xerox  or  IBM,  the  powerful  processors 
needed  to  control  modern  printers  will  come  from 
AMD,  Motorola,  or  Intel.  The  rest  of  the  standard- 
ized hardware  components  on  the  network,  like 
modems,  accelerator  boards,  coprocessors,  network 
interface  boards,  and  the  like,  will  be  made  by  a 
wide  variety  of  Asian  and  American  companies. 

The  network  will  have  many  layers  of  software, 
most  of  it  "shrink-wrapped"  from  American  com- 
panies. The  operating  system -the  software  that 
controls  the  basic  interaction  of  a  computer  s  com- 
ponents-may be  a  version  of  AT&T's  UNIX,  spe- 
cially tailored  by  the  workstation  vendor,  as  with 
Cm  or,f)  TKM  or  itmav  r.nmp.  finm  3  third  nartv.  hke 


Microsoft.  Many  vendors,'  like  Lotus  and  Borland,  ] 
will  supply  applications  software.  The  complex 
software  required  to  managfe  the  interaction  of  the 
servers  and  workstations  on  the  network  will,  in 
most  cases,  be  supplied  by  Novell.  The  software 
that  converts  digital  data  into  instructions  or 
printer  engines  is  sold  by  Hewlett-Packard,  Adobe, 
or  one  of  their  many  clones.  Each  smaller  element 
in  the  system,  like  a  modem  or  video  accelerator, 
will  have  its  own  specialized  software,  often  sup- 
plied by  a  vendor  other  than  the  manufacturer. 

It  is  possible  to  construct  open  systems  of  this 
kind  because  for  each  layer  of  the  network  there  are 
published  standards  and  interface  protocols  that 
allow  hardware  and  software  products  from  many 
vendors  to  blend  seamlessly  into  the  network.  The 
standards  define  how  programs  and  commands  will 
work  and  how  data  will  move  around  the  system - 
the  communication  protocols  and  formats  that 
hardware  components  must  adhere  to,  the  rules  for 
exchanging  signals  between  applications  software 
and  the  operating  system,  the  processor's  command 
structure,  the  allowable  font  descriptions  for  a 
printer,  and  so  forth.  We  call  this  complex  of  stan- 
dards and  rules  an  "architecture." 

A  small  handful  of  the  companies  supplying 
components  to  the  network  will  define  and  control 
ttie  system's  critical  architectures,  each  for  a  specif- 
ic layer  of  the  system.  The  architectural  standard 
setters  typically  include  the  microprocessor  design- 
er (such'as  Sun  or  Intel),  operating  system  vendors 
(possibly  Sun  or  Microsoft),  the  network  system 
(usually  Novell),  the  printer  page-description  sys- 
tem (Adobe  or  Hewlett-Packard),  and  a  small  num- 
ber of  others,  depending  on  the  nature'of  the  net- 
work. Each  of  these  is  a, proprietary  architecture, 
although  the  rules  for  transmitting  signals  to  an  In- 
tel processor,  for  example,  are  published  openly  for 
all  vendors,  the  underlying  design  of  the  processor 
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A  small  handful  of  innovative 
companies  will  define  and 
control  a  network's  critical 
architectures.  


is  owned  by  Intel,  just  as  the  design  of  Sun's  operat- 
ing system  is  owned  by  Sun,  and  so  on  for  Micro- 
soft's Windows/DOS,  Novell's  Netware,  or  Adobe's 

PostScript.  ,  •  1 

Companies  that  control  proprietary  architectural 
standards  have  an  advantage  over  other  vendors. 
Since  they  control  the  architecture,  they  are  usual- 
ly better  positioned  to  develop  products  that  maxi- 
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ze  its  capabilities,  by  modifying  the  arciiitecture, 
-y  can  diocipline  competing  product  vendors.  In 

open-systems  era,  the  most  consistently  suc 
ssful  information  technology  companies  will  be 
e  ones  who  manage  to  establish  a  proprietary  ar- 
itectural  standard  over  a  substantial  competitive 
ace  and  defend  it  against  the  assaults  of  both 
ones  and  rival  architectural  sponsors. 
It  has  been  conventional  wisdom  to  argue  that 
lers  and  the  cause  of  technological  progress,  are 
•tter  served  by  nonpwpdetaiy  systems  architec 
ires.  This  is  emphatically  untrue.  There  are  many 
camples  of  nonproprietary  architectures,  like  the 
CITT  fax  standard  or  the  NTSC  television  stan- 
ard  most  of  them  established  by  government 
3dies  or  industry  groups.  Because  they  are  set  by 
ommittees,  they  usually  settle  on  lowest-com- 
lon-denominator,  compromise  solutions.  And 
ley  are  hard  to  change.  The  NTSC  has  been  up- 
raded  only  once  (for  color)  in  a  half-century,  com- 
aittees  have  been  squabbling  over  an  improved  fax 
tandard  for  years.  Proprietary  architectures,  by 
ontrast,  because  they  are  such  extremely  valuable 
ranchises,  are  under  constant  competitive  attack 
.nd  must  be  vigorously  defended.  It  is  this  dynam- 
c  that  compels  a  very  rapid  pace  of  technological 
mprovement. 

Architectural  Competitions 

The  computer  industry  has  been  competing  on 
architecture  for  years.  Take  the  example  of  the 
product  that  established  IBM's  dominance  m  the 
mainframe  computer  business- the  IBM  Sys- 
tem/360. The  360  was  arguably  the  first  pervasive, 
partially  open,  information  technology  architec- 
ture. In  the  late  1960s,  once  the  System/360  be- 
came the  dominant  mainframe  solution,  IBM  began 
to  unbundle  component  pricing  and  selectively 
open  the  system,  in  part  because  of  government 
pressure.  Published  standards  permitted  competi- 
tors and  component  suppliers  to  produce  a  wide 
range  of  IBM-compatible  products  and  programs 
that  were  interchangeable  with,  and  sometimes  su- 
perior to,  IBM's  own.  By  licensing  its  MVS  operat- 
ing system  to  Amdahl,  for  example,  IBM  made  it 
possible  for  Fujitsu,  Amdahl's  partner,  to  produce 
clones  of  the  IBM  mainframe.  Much  of  what  was 
not  licensed  away  voluntarily  was  acquired  anyway 
by  the  Japanese  through  massive  intellectual  prop- 

^Hundreds  of  new  companies  selling  IBM-compat- 
ible mainframe  products  and  software  placed  m- 


tense  competitive  pressure  on  IBM.  But  they  also 
assured  that  the  IBM  standard  would  always  be 
pervasive  throughout  the  mainframe  computing 
world  As  a  result,  even  today  IBM  controls  some 
two-thirds  of  the  IBM-compatible  mainframe  mar- 
ket and  an  even  higher  share  of  its  profits,  not  only 
for  central  processing  units  but  also  for  disk  drives 
systems  software,  and  aftermarket  products  like 
expanded  memory.  Because  they  have  no^hoice 
but  to  maintain  compatibility  with  the  IBM  stan- 
dard, competitors  must  wait  to  reverse-engineer 
IBM  products  after  they  are  introduced.  Typically, 
by  the  time  competitive  products  are  on  the  mar- 
ket IBM  is  well  down  the  learning  curve  or  already 


For  over  20  years  in  the 
mainframe  business,  IBM  lias 
played  ttiis  game  brilliantly 

moving  on  to  the  next  generation.  And  as  the  owner 

S  the  dominant  architecture,  ffiM-can^subrirand 

'  precisay  Taise'  the  hurdles  wheneve£  a  particular 

^mpetttor  beginsW^fi^^x^.  ^°\Z\Z 
yei-firi"rg-^"-at!S1?^^%eTteTation,  IBM  has 

played  this  game  brilliantly  and  won  every  time. 

Ironically,  IBM  badly  fumbled  an' equivalent  op- 
Dortunity  in  desktop  computing,  handing^ov^he 

two  most  critical  PC  jrchitecturCPPP®!  P"^"'^' 
thristemsToftware  and  the  microprocessor-  o 
Microsoft  andlntet.  Since  aiiy  clone  maker  could 
acquire  the  operating  system  software  rom  Mi- 
crosoft and  the  microprocessor  from  Intel,  making 
PCs  became  a  brutal  commodity  busmess.  As  a 
high-cost  manufacturer,  IBM  now  holds  only  about 
15%  of  the  market  it  created.  .,,,„„£ 

In  a  related  error,  Compaq  made  the  mistake  of 
assuming  that  IBM  would  always  control  the  PC 
architectural  standard.  On  that  premise,  the  corn- 
pany  geared  its  cost  structure  and  pricing  Poli^Y  « 
ffiM'sTonly  to  find  itself  almost  fatally  wdneraWe 
when  the  savage  PC  price  wars  of  the  early  1990s 
exposed  the  commoditized  character  of  PC  manu- 
facturing. Tellingly,  while  IBM  and  Compaq  strug- 
gle to  eke  out  profits  from  their  PC  businesses,  Mi- 
crosoft and  Intel  are  enjoying  after-tax  margins  of 
about  20%,  on  sales  of  more  than  $4  billion  and 
$6  billion  respectively,  and  together  they  have 

more  cash  than  IBM.  „  „f  t  o 

For  a  similar  example,  consider  the  case  of  Lo- 
tus. Lotus  got  its  start  in  a  market -spreadsheet 
software- where  products  are  complex  and  feature- 
rich  hardly  commodities.  And  over  the  years,  the 
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.;^^r1  nr  aeveloned  a  broad  array  of 

?^S  face  IGUll  lot  DOS-based  computed.  (See  the 
".„l  "Scenarios  lor  Architectural  Competrtion: 
rhicam'erU.terlaces/'lAndWi^d- 

Unes  the  "'f^-^^/^^t  fol  S- '»  *at 
ablv  miUorin  toterlace  between  a  user  and  a  very 
Se"anse  of  appljca;^- 1"-  ^S^^^: 
Tv  toTsronh  andpotafprodltvendor.  llkeLo. 

us  a  =  loroTd  »  adapt  their  soltware  to  rur>  under 
the  windows  architecture.  ButMicrosoltaUo  oilers 


"chUecture/they  are  steadily  eacroachmg  on  Lo- 

^thrfrtTis  t£t  for  a  tirr.e  in  the  1980s,  Lotus 
had'ura'powerfulmarketposition^ham^^^^^^^^ 
certainly  could  have  estabUshed  »  ^UI  standara  u 
se  f  Fut  the  company  neglected  to  do  so.  Such 
strateg^  errors  spell  the  difference  between  an  ar- 
chitectural  winner  and  loser. 

Principles  and  Phases 
ot  Arcl^itectural  Competition 

There  are  five  basic  imperatives  thit  drive  most 

^t  GotdttoSuc^f  are  not  enough.  Products  dis- 
tribute architectures  and  can  contribute  to  the  suc^ 
cess  of  an  architectural  strategy  However,  as  the 
case  o  Lotus  suggests,  good  products  alone  are  not 
enough  But  if  the  sponsor  invests  heavrly  m  con- 
tinuous product  improvement,  P^oj"-^^,  °/ °"Y 
Modest  capabilities  can  become  the  basrs^o^^^^^^^^^^^ 
tectural  leadership.  For  example,  both  Zilog  ana 


•'•As  the  ongoingAjui  uuutv-o^  --«. •  . 

a  substantially  closea  sys.p.u  "-""-— ^  ,^^-    battles  are  fast-moving,  l^^'^V '=^„^^]Xer'howev'er, 
market  share.  The  company  got  it  "^°'"=^™  ^'g^;    completely  settled.  The  rewards  to  a  wmner,  howeve, 
^ith  the  Macintosh.  At  least  m  later  mcan^uo^^h.^,     can  be  great.      .   : 
■  Mac  has  been  hospitable  to  third-party  software  acver^. 


^^^^^^^Mi 


Scenarios  for  Architectu|||<)mp^^^ 


AMD  at  various  stages  in  the  PC  microprocessor 
contest  iliade  Intel-compatible  chips  that  were  su- 
perior to  Intel's  own,  but  neither  company  matched 
Intel's  commitment  to  RSX>,  and  both  were  left  be- 
hind as  Intel  rolled  out  one  generation  of  improved 
processor  after  another.  Once  an  architecture  is  es- 
tablished, it  in  turn  becomes  a  distribution  channel 
for  additional  products,  with  the  architectural  con- 
troller's products  holding  the  favored  position. 

2  Implementations  matter.  Manufacturing  deci- 
sions are  playing  an  increasingly  important  role  in 
product  strategy.  But  since  successful  architectures 
have  a  high  design  content  and  usually  a  high  sott- 
ware  content,  manufacturing  skills  by  themselves 
are  not  sufficient  to.prevail  in  architectural  compe- 
tition. Japanese  and  other  Asian  companies,  for  ex- 
ample, despite  their  great  manufacturing  prowess, 
have  only  rarely  established  architectural  franchises. 
Generally,  they  have  settled  for  positions  as  clone 
makers  or  commodity  implementors.  Perhaps  the 
only  area  where  Japanese  companies  have  estab- 
lished proprietary  control  over  an  important  archi- 
tectural space  is  in  video  games.  But  even  the  lead- 
ers in  this  arena,  Nintendo  and  Sega,  are  at  risk.  (See 
the  insert  "Scenarios  for  Architectural  Competi- 
tion: Video  Games.") 


While  insufficient  on  their  own,  however,  manu- 
facturing skills  may  well  be  an  essential  compe- 
terice  for  success  in  the  architectural  contests  of  ttie 
1990s  The  reason:  implementation  is  increasingly 
becoming  the  key  to  winning  architectural  control. 
In  microprocessors,  for  example,  a  good  implemen- 
tation can  improve  performarice  by  a  factor  of  two. 
That's  why  architectural  leaders  Uke  Intel  typically 
make  their  own  chips.  By  contrast,  Sun  Microsys- 
tems has  chosen  to  focus  solely  on  the  design  ot  its 


Manufacturing  skills  may 
well  be  essential  for  success 
in  arctiitectural  contests. 


SPARC  microprocessor,  a  decision  that  has  been  a 
source  of  recent  difficulty  for  the  company  because 
subpar  supplier  implementations  have  compro- 
mised SPARC  performance.  High-quality  imple- 
mentations are  equally  important  in  the  new  gener- 
ations of  hand-held  computers.  Indeed,  the  more 
advanced  information  technology  makes  inroads 
into  consumer  markets,  the  more  manufacturmg 
skills  will  prove  invaluable. 
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3   Successful  architectures  are  proprietary,  but 
open.  Closed  architectures  do  not  win  broad  fran- 
chises. Choosing  the  right  degreeofopenn^s^sone 
of  the  m^^^tlubtle  and  ditticult  decisions  marchi- 
teculHrE5HtiitiriBM^en5a-ItiT?C  architecture 
t"55T>roadly-it  should  have,  and  could  have,  re- 
tamed  control  of  either  or  both  the  operating  sys- 
tem and  microprocessor  standard.  Apple  made  the 
opposite  mistake  of  bundling  the  Mac  operating 
system  too  closely  to  its  own  hardware.  Sun   m 
contrast  to  Apple,  opened  its  SPARC  RISC  architec- 
ture very  early,  both  to  software  developers  and  pro- 
cessor clonersi  it  has  the  lead  position  in  worksta- 
tions, and  its  broad  base  of  third-party  software 
support  has  helped  maintain  customer  loyalty 
though  a  series  of  technical  stumbles.  Autodesk  s 
computer-aided  design  (CAD)  software  for  bmlders 
is  open  to  add-on  third-party  packages,  hke  kitchen 
designtools,  and  its  broad  base  of  supporting  soft- 
ware has  given  it  control  of  a  small  but  very  prof- 
itable franchise.  . 

4  General-purpose  architectures  absorb  special- 
purpose  solutions.  Architectures  that  cannot 
evolve  to  occupy  an  ever-broader  competitive  space 
are  dead  ends.  Wang's  lucrative  word  processor 
franchise  was  absorbed  by  general-purpose  PCs. 
Special-purpose  CAD  workstations  from  Daisy, 
Applicon,  and  others  were  absorbed  by  more  gen- 
eral-purpose desktop  machines.  Special-purpose 
game  machines  will,  in  all  likelihood,  be  absorbed 
by  more  general-purpose  consumer  systems. 

5.  Low-end  systems  swallow  high-end  systems. 
Minicomputers  poached  away  huge  chunks  of 
mainframe  territory  and  were  assaulted  in  turn  by 
workstations  and  networks.  Workstations  are  un- 
der pressure  by  increasingly  high  performance  PCs. 
Traditional  supercomputers  and  very  high-end 
mainframes  are  vulnerable  to  parallel  arrays  of  in- 
expensive microprocessors.  High-end  data-storage 
systems  are  similarly  under  attack  from  arrays  of 
inexpensive,  redundant  disks.  Although  IBM 
helped  create  the  personal  computer  revolution,  it 
steadfastly  refused  to  recognize  its 
implications.  Until  relatively  re- 
cently, it  even  called  its  desktop 
products  division  "Entry  Systems," 
ignoring  the  fact  that  today's  mi- 
croprocessor-based machines  are 
a  replacement  for  traditional  com- 
puters, not  an  entry  point  or  way 
station  to  them. 

However,  managers  must  keep  in 
mind  that  even  those  companies 
that  best  follow  these  principles  are 
not  necessarily  guaranteed  contin- 
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ued  success  in  the  marketplace.  Architectural  con- 
tests typically  move  through  a  number  of  different 
phases,  and  only  those  companies  that  successfully 
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Architectures  that  canriot 
evolve  to  occupy  on  ever- 
broader  competitive  space 
are  dead  ends.  ^ 


navigate  them  all,  maintaining  their  pace  and  direc- 
tion in  the  fluid  environment  of  rapidly  evolving 
technologies;  emerge  as  winners  oyer  the  long 
term.  It's  a  delicate  balancing  act,  and  one  that  re- 
quires ever-increasing  flexibility  as  the  technolo- 
gies mature.  '  ii-.  ..  „  I 
There  are  five  principal  phases  to  arcliitectural 

competition:  .    ,    „  '  n  , 

Commitment.  Architectural  challenges  usually 
emerge  from  the  early-stage  chaos  of  competing 
point  products.  Before  the  IBM  PC,  personal  com- 
puters were  rigid,  closed  systems  that  tended  to 
bundle  their  own  operating  systems  and  applica- 
tions software.  Compaq  had  the  insight  that  by  pur- 
chasing a  Microsoft  operating  system  identical  to 
that  of  the  PC,  it  could  ride  the  wave  of  the  PC  s 
success.  Microsoft  then  insisted  that  all  subsequent 
clone  makers  buy  the  same  operating  system  and  so 
seized  the  critical  PC  software  architectural  stan- 
dard. Microsoft's  insight  was  to  realize  that  it  was 
in  an  architectural  contest  and  to  take  the'  appropri- 
ate steps;  including  steadily  expanding  the  generah- 
ty  and  scope  of  its  systems  to  come  out  the  winner. 
Diffusion.  Large  profits  come  from  broad  fran- 
chises. Open  architectures. are  successful  because 
they  can  be  broadly  diffused.  Xerox's  Interpress 
page-description  software,  which  converts  digital 
data  into  printer  instructions,  is  excellent  but  can 
be  purchased  only  with  Xerox  high-end  printers. 
Adobe,  by  contrast,  has  widely  licensed  its 
PostScript  language  and  has  become  the  industry 
standard  setter.  Intel  widerly  li- 
censed the  early  versions  of  its 
xx86  processors,  then  sharply  re- 
stricted licensing  of  its  386  chip  af- 
ter the  Intel  standard  had  become 
firmly  entrenched.  IBM,  on  the 
other  hand,  has  long  resisted  diffus- 
ing its  mainframe  and  minicom- 
puter software. 

Of  course,'diffusion  decisions  are 
not  without  risk.  Once  again,  bal- 
ance and  timing  are  essential.  For 
example,  Philips  licensed  its  com- 
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crease  market  penetration.  But 
Sony  outperformed  Philips  and 
took  half  the  market.  Philips^s 
standar.d  was  a  static  one  that  it 
never  developed  further. 

Lock-in.  A  company  has  a  "lock" 
on  an  architecture  when  competi- 
tors are  trained  to  wait  until  the  ar- 
chitectural leader  introduces  each 
new  product  generation.  Intel  and 
Microsoft;  at  least  temporarily, 
seem  to  have  achieved  this  position 
in  PC  markets.  Sun  was  on  the  verge  of  a  locked 
in  franchise  in  workstations  but  may  have  fallen 
short,  the  performance  of  its  SPARC  RISC  proces- 
sor design  has  been  lagging  behind  the  competition, 
and  the  company  neglected  to  solidify  its  franchise 
by  moving  rapidly  down  to  lower  end  platforms. 

But  lock-in  is  sustainable  only  when  a  company 
aggressively  and^coiitmiioUsly  cannibalizes  its  own 
product  liiie  and  continually  and  compatibly  ex- 
tends the  arcKitecture  itself;  this  is  a  strategic 
choice" thaFmany  companies  find  difficult  to  make. 
Often,  managers  become  overprotective  of  the 
products  that  brought  them  their  original  success. 
IBM,  for  example,  has  frittered  away  a  powerful 
lock  on  back-office  transaction  processing  and  op- 
erating systems.  In  a  misguided  effort  to  protect 
hardware  sales,  it  has  refused  to  release  products, 
long  since  developed  internally,  that  would  adapt 
its  best-selling  AS400  minicomputer  software  to 
the  RS6000  workstation.  Such  reflexive  self-protec- 
tion sirtlply  hands  over  a  valuable  franchise  to  the 
Microsafts  and  other  vendors  storming  up  from  the 

low  end. 

HaTvest.  Of  course,  the  ultimate  objective  of  ar- 
chitectural competition  is  to  win  a  market  leader's 
share  of  the  profits.  Just  to  give  one  dramatic  exarn- 
pie,  profit  margins  on  Intel's  xx86  family  of  chips 
are  in  the  40%  to  50%  range  and  account  for  well 


Though  painful,  It  is  absolutely 
necessary  to  cannibalize 
old  architectures.  __ 

over  100%  of  the  company's  earnings.  But  no 
locked-in  position  is  ever  completely, safe,  and 
companies  must  be  careful  when  they  harvest  not 
to  rest  on  their  previous  successes.  Indeed,  Intel 
may  have  harvested  too  aggressively,  drawing  out 
spirited  recent  attacks  by  clone  maker's  such  as 
AMD  arid  Cyrix. 


Just  as  products  must  be  cannibal- 
ized, so  must  architectures  them- 
selves. The  better  the  architecture, 
the  longer  its  lifespan;  but  sooner 
or  later  every  architecture,  no  mat- 
■"T  ter  how  well  designed,  becomes  ob- 

■Ov  solete.  And  before  it  does,  the  mar- 

jT^^  ket  leader  must  be  prepared  to 

move  ahead,  to  do  away  with  the 
old  and  introduce  the  new.  Industry 
leaders  often  fail  to  cannibalize 
their  old  architectures,  but  al- 
though nothing  is  more  painful,  to  do  so  is  abso- 
lutely necessary.  Otherwise,  competitors  quickly 
move  to  create  and  introduce  rival  franchises,  and 
these  eventually  dominate  the  industry.  IBM's 
failure  to  cannibalize  its  mainframe  and  minicom- 
puter franchises  provides  a  stark  example  of  the 
catastrophic  effects  of  waiting  too  long. 

DEC  provides  another  example.  The  company 
developed  outstanding  RISC  products  very  early. 
But  DEC  declined  to  cannibalize  its  profitable  VAX- 
VMS  architecture  because  its  VMS  operating  sys- 
tem, the  source  of  its  franchise,  was  tightly  inte- 
grated with  its  aging  VAX  hardware.  Predictably, 
DEC  was  beaten  out  by  vendors  such  as  Sun  Mi- 
crosystems and  Microsoft,  which  didn't  hesitate  to 
move  in  with  their  newer,  more  powerful  alterna- 
tives. (The  main  developer  of  DEC's  advanced  sys- 
tems, Dave  Cutler,  is  now  in  charge  of  developing 
NT  for  Microsoft.) 

.  There  are  three  lessons  here.  First,  with  better  ar- 
chitecture DEC  could  have  kept  VMS  alive  longer. 
If  VMS  had  been  "portable,"  that  is,  not  restricted 
to  VAX  hardware,  DEC  could  have  ported  VMS  to 
other  vendors'  hardware,  making  VMS  an  industry 
'standard.  Indeed,  the  company  could  have  used 
RISC  technology  itself  without  losing  its  VMS  fran- 
chise. Second,  DEC  would  have  been  better  off  can- 
nibaUzing  itself,  rather  than  waiting  to  be  cannibal- 
ized by  others. 

The  third  lesson,  though,  is  the  most  impor- 
tant. As  DEC'S  experiences  with  VMS  and  IBM's 
mistakes  with  the  mainframe  and  minicomputer 
franchises  show,,  the  cultural  and  organizational 
structures  useful  for  managing  traditional,  closed, 
integrated  businesses  will  not  work  for  companies 
that  intend  to  compete  with  architectural  strategy. 
In  fact,  we  believe  that  architectural  competition  is 
stimulating  the  development  of  a  new  form  of  busi- 
ness organization. 

This  new  structure,  which  we  call  the  Silicon 
Valley  Model,  has  major  implications  both  for  in- 
formation technology  and  for  many  other  indus- 
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Scenarios  for  Architectural 
Competition:  Page-  and  Image- 
Description  Standards 


■'.' ■   Page- and  image-description  standards  are  rapid-  .. 
.  ;  ly  evolving  from  theif  initial  base  in  printers  into  a  .. 
liivery  large  business  that  will  transform  the  entire  ■.:. 
imprinting  and  publishing  industry.  Probably  most 
fe published  material  is  npw  captured  in  electronic.  ';' 
j  ■;  format,:'and  a  major  competition  is  shaping  up  for . .' 
i"^i  control,  of  ,the.  standard  for.stqrage,  transmission,  ,,r ,; 
.').  and  manipulation  of. complex  text,. images,  and  , ;'. 
:V,niultimedia,;documents;  .The  technology. involved v^i- 
i'.j, is , extraordinarily  sophisticated  aqd  processing-in- . l , 
:  •  ^tensive.  Data  cornpression, and  decprnpressiqn  and;  j.y 
■; ;,'  iinage-maiiipulation'algorithms  tax  all  biit  the  very'  f-; 
:;'!■  fastest  of  available  processors)  data  storage  require-  •";.•: 
■ " . '.  ments  are  y ery  large;  and  requirements  for  comniUT  ::•.;': 
'/•llnications.capacity  outpace  most  conventional  sys-i  Sj^ 
•  c' '  tems !':  All  'these  .hurdles'  !are  iallipg  ly  pry ;  rapidly;  jiC-; 
;;j,  before  a  wide  range  of  technical.  adv^ncescixri^l^^'^i^i^^H 
^:^•■;^f  At|the:mpitient^Adqbe:must;be;90^ 
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tries.  The  model  is  still  young  and  rapidly  changing, 
and  although  Microsoft  probably  comes  closest,  no 
company  fits  it  perfectly.  ; 

Managing  Architectural  Competition: 
The  Silicon  Valley  Model 

The  Silicon  Valley  Model  arose  a  decade  ago 
when  early  architectural  competitors  noticed  that 
they  faced  the  same  problems  in  managing  organi- 
zations that  they  faced  with  technologies  and  archi- 
tectural strategies. 

In  retrospect,  this  is  not  surprising.  Architecture 
responds  to  the  same  imperatives  in  both  systems 
and  organizations.  It  reduces  complexity.  It  permits 
clean  separation  between  centralized  general-pur- 
pose functions  and  decentralized  or  spebialized 
functions.  It  enables  management  of  unpredicta- 
bility and  change;  individual  technologies,  compo- 
nents, or  products  can  be  switched  without  the 
need  to  redo  everything.  For  similar  reasons,  good 
architecture  facilitates  experimentation  and  com^ 
petition:  once  the  framework  is  specifiedj  multi- 
ple approaches  can  compete  without  jeopardizing 
compatibility.  And  finally,  a  standard  architecture 
permits  many  systems  and  organizations  to  be  de- 
veloped independently  and  still  work  together 
gracefully. 

As  an  organizational  paradigm,  the  Silicon,  Valley 
Model  therefore  has  several  characteristic  features 
and  advantages.  Following  are  the  most  important: 

1.  Organizational  architecture  and  decision  mak- 
ing that  niirror  technical  architecture.  Any  organi- 
zation should  develop  and  use  good  technical  archi- 

,  tectures.  :^ut  Silicon  Valley  Model  firms  take  an 
additional  step:  the  structure  of  the  firm  itself  mir- 
rors the  technical'arcKitectures It  uses."" 

"Thus,  for  example,  Microsoft  is  structured  so 
that  its  existing  systems  software  and  applications 
software  are  managed  separately,  as  are  new  archi- 
tectural efforts  such  as  NT.  In  this  manner,  Mi- 
crosoft can  diffuse  its  applications  across  multiple 
operating  systems  (both  its  own  and  others,  like  the 
Apple  Macintosh),  while  also  marketing  its  operat- 
ing systems  by  courting  other  vendors'  applica- 
tions. The  two  businesses  can  work  largely  inde- 
pendently, yet  only  Microsoft  gains  the  beriefits  of 
their  synergism. 'Most  decisions  can  be  made 'di- 
?ectly^With'in  the  organization  responsible  for  the 
relevant  architectural  domain;  thjs  minimizes 
complex  vertical  and  horizontal  debates. 

2.  Meritocracy  and  direct  feedback.  Silicon  Valley 
Model  firms  enable  and  force  direct  performance 
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fcedbofls;,  at  levels  ranging  from  individuals  to  busi- 
ness ui;iits.  At  Microsoft,  team  members  rate  each 
other  periodically  in  peer  reviews.  Outstanding  per- 
formers are  rewarded;  laggards  are  v^rarned,  then 
fired.  Technical  expertise  is  required  for  a  large  frac- 
tion of  senior  management,  and  communication 
occurs  directly  between  the  relevant  parties,  un- 
buffered by  hierarchy. 

By  contrast,  performance  ratings  in  traditional 
bureaucracies  are  determined  by  managers  at  high- 
er levels,  and  compensation  is  rarely  based  on  long- 
term  corporate  performance.  The  process  is  often 
heavily  politicized;  dissent  is  suppressed,  and  in- 
competence goes  unpunished. 

Architectural  competition  also  exposes  Silicon 
Valley  Model  firms  to  another  form  of  peer  review- 
product  competition.  To  succeed  as  industry  stan- 
dard setters,  firms  must  license  their  architectures 
to  competitors,  while  also  developing  critical  prod- 
ucts themselves.  As  a  result,  each  layer  of  the  firm 
(and  of  the  architecture)  is  exposed  to  direct  com- 
petition and  market  feedback.  Hence  although 
Microsoft  controls  Windows,  applicatipn  groups 
still  compete  individually:  Excel  against  Lotus 
and  QuattroPro,  Word  against  WordPerfect  and 
AmiPro,  and  so  forth.  Architectural  leadership  pro- 
vides an  advantage,  but  prevents  a  cover-up.  Silicon 
Valley  Model  firms  are  structured  so  that  excel- 
lence is  the  only  defense. 

3.  Clean  boundaries,  both  internal  and  external. 
In  architected  corporate  structures,  orgainizations 
can  create  and  dissolve  alliances  rapidly,  both  inter- 
nally an'd  externally,  Organizations  are  very  flat, 
and  development  groups  have  simple,  clean  inter- 
faces to  each  other  determined  by  architectural 
boundaries.  Architecture  and  point  products  can  be 

Silicon  Valley  Model  firms 
take  an  additional  step:  the 
structure  of  tlie  firm  itself 
mirrors  the  technical 
architectures  it  uses. 

kept  apart.  Moreover,  products  can  invisibly  incor- 
porate architected  "engines"  developed  by  other  or- 
ganizations, including  competitors.  For  example,  a 
start-up  called  InfoNow  has  organized  alliances  in- 
volving itself,  Microsoft,  publishers,  computer  ven- 
dors, and  other  software  companies.  InfoNow  pack- 
ages software  products,  together  with  reviews  and 
samples  of  them,  which  are  preloaded  for  free  on 
computers;  the  software  products,  however,  are  en- 
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crypted.  Users  can  sample  them,  read  reviews,  and 
then  purchase  them  by  telephone,  -which  triggers 
electronic  decryption.  Adding  new  soft^teare  pack- 
ages is  trivial. 

4.  Internal  proprietary  control  of  architecttire  and 
critical  implementations,  externalized  commodi- 
ties and  niches.  Silicon  Valley  Model  firms  seek  to 
externalize  the  maximum  possible  fraction  of  their 
total  system,  while  cYrefully  controlling  those  ar- 
eas required  to  establish  and  hold  an  architectural 
franchise.  Thus  core  development  of  the  general 
purpose  architecture  is  always  internally  con- 
trolled. So  usually  are  critical  product'implementa- 
tions,  which  cover  the  broadest  markets  and  are  re- 
quired either  for  early  diffusion  or  later  harvesting. 

Broad,  cost-sensitive 
markets  are  the  strategic  high 
ground,  if  covered  by 
proprietary  architectures. 

Silicon  Valley  firms  also  carefully  manage  their  de- 
pendencies, so  as  not  to  become  unilaterally  depen- 
dent on  architectural  competitors. 

On  balance,  however,  Silicon  Valley  Model  firms 
are  much  less  autarkic  than  traditional  large  firms. 
Niche  products,  commodity  components,  and  ar- 
chitectures controlled  by  others  are  outsourced, 
and/or  relegated  to  licensees.  In  fact,  Silicon  Valley 
firms  actively  seek  to  commoditize  regions  not  un- 
der their  control. 

This  yields  several  benefits.  For  one,  companies 
can  focus  on  what  they  do  best  and  on  the  efforts 
critical  to  architectural  success..  For  another,  broad 
outsourcing  and  licensing'create  competition 
among  suppliers  and  licensees,  which  broadens  the 
market  and  benefits  the  architectural  leader.  PC 
price  wars  delight  Intel,  Microsoft,  and  Novell;  IBM 
and  Compaq  take  the  heat. 

Interestingly,  this  contradicts  the  1980s  conven- 
ional  wisdom  that  firms  should  avoid  broad,  cost- 
ensitive  markets  in  favor  of  high-price  niches.  In 
act,  the  broad  market  is  the  strategic  high  ground, 
f  it  is  covered  by  a  proprietary  architecture.  Niche 
roduct  vendors  can  make  profits,  but  they  will  re- 
main minor  players. 

5.  Migration  and  evolution  over  time.  Just  as  ar- 
chitectures evolve  and  eventually  become  obsolete, 
so  too  with  organizations.  Thus  the  firm's  internal 
structure  and  external  alliances  evolve  along  with 
its  architecture  and  market  position.  As  new  layers 
are  added  to  an  existing  architectural  position  (Win- 
dows on  top  of  DO'S,  then  NT  underneath  Win- 
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dows),  new  organizations  are  created)  a  similar  situ- 
ation occurs  when  an  architecture  must  be  canni- 
balized. Some  Silicon  Valley  Model  firms  will  soon 
face  cannibalization,  it  will  be  interesting  to  see 
how  they  do. 

Broader  Implications 
ot  the  Silicon  Valley  Model 

The  Silicon  Valley  Model  is  very  much  a  product 
of  a  few  companies  in  the  computer  sector,  )ust  as 
mass  production  was  invented  by  Ford  and  )ust-in- 
time  production  by  Toyota.  And  as  in  those  cases, 
we  believe  that  the  Silicon  Valley  Model  will  di  - 
fuse  throughout  the  broader  information  technol- 
ogy sector  as  the  computer,  telecommunications, 
information  services,  and  consumer  electronics 

industries  merge.  ,        .  ,  ^;.;„„ 

In  addition,  however,  as  industrial  competition 
in  all  industries  becomes  more  complex  and  tech- 
nological change  accelerates,  the  model  may  have 
important  effects  upon  many  other  fields.  We  thmk 
that  it  provides  a  framework  that  allows  propri- 
etary leaders  in  general  to  have  the  greatest  span  ot 
control  and  profitability  with  the  least  complexity 
and  smallest  size.  In  fact,  we  think  that  the  model 
is  appropriate  for  small  and  large  companies  a  ike, 
it  does,  however,  penalize  unnecessary  size.  (Mi- 
crosoft, with  fewer  than  15,000  employees  has  a 
market  capitalization  equal  to  IBM's.)  We  will 
therefore  close  with  an  example  of  how  architec- 
tural strategy  and  the  Silicon  Valley  Model  could 
have  been  used  more  than  a  decade  ago,  by  Xerox. 


Xerox  became  a  large,  global  company  through 
a  single  proprietary  technology -xerography.  Xero- 
graphic "marking  engines"  are  the  core  of  photo- 
copiers, printers,  and  facsimile  machines,  ail  ot 
which  Xerox  invented.  But  Xerox  chose  to  exploit 
its  control  of  xerography  using  the  traditional  strat- 
egy of  integrated  companies. 

Where  Xerox  felt  it  could  not  develop  products 
profitably  itself,  it  simply  left  the  market  vacant. 
As  a  result,  when  the  company's  patent  position 
eroded,  Japanese  competitors  took  the  bulk  of  the 
blossoming  low-end  markets  for  personal  copiers, 
laser  printers,  and  fax  machines.  Xerox's  rnarket 
share  declined  from  nearly  100%  to  about  30  /o. 

Instead,  Xerox  could  have  developed  an  architec- 
ture for  a  broad  family  of  machines  and  control  sys- 
tems, including  interfaces  for  scanners,  document 
handlers,  and  "finishers"  for  collating,  staplmg, 
and  binding.  It  could  have  licensed  its  technology 
to  other  firms,  and/or  sold  them  xerographic  en- 
gines. It  could  have  developed  products  for  core 
markets,  leaving  others  to  niche  companies. 

Every  few  years,  the  company  could  have  chaiiged 
■  or  enlianced  its  architectures  to  improve  its  prod- 
ucts and  competitive  position.  The  result  cquld 
have  been  a  Microsoft-like  position,  with  Xerpx 
holding  the  lion's  share  of  the  profits  in  a  highly 
competitive,  dynamic  market-yet  one  under  its 
own  effective  control.  We  think  that  similar  strate- 
gies are  available  to  companies  in  other  comple?c;in- 
dustries-aerdspace  and  machine  tools,  among  oth- 
ers If  so,  the  information  sector's  strategic  and 
organizational  innovations  might  prove  as  interest- 

ing  as  its  technology.       ■. -^ 
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